(12) 
(19) 


PATENT 

AUSTRALIAN PATENT OFFICE 


(1 1) Application No. AU 200078673 B2 
(10) Patent No. 782901 


(54) 


Title 

Lubricant coating for expandable tubular members 


(51) 7 


International Patont (^laccifiratinnfct 
B23P 017/02 




(21) 


Application No: 200078673 


(22) Application Date: 2000.10.05 


(87) 


WIPONo: WO01/26860 




(30) 


Priority Data 




(31) 


Number (32) Date 
60/159039 1999.10.12 
60/165228 1999.11.12 


(33) Country 
US 
US 


(43) 
(43) 
(44) 


Publication Date : 2001.04.23 
Publication Journal Date : 2001.07.12 
Accepted Journal Date : 2005.09.08 




(71) 


Applicant(s) 

Shell Internationale Research Maatschappij B.V. 


(72) 


Inventor(s) 

Lev Ring; Andrei Fillipov; Mike Cowan; Bill Dean 


(74) 


Agenl/Attorney 

Davies Colllson Cave,Level 15,1 Nicholson Street,MELBOURNE VIC 3000 


(56) 


Related Art 
US 4573248 
US 4069573 





BEST AVAILABLE COPY 



AU 200078673 

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
19 April 2001 (19.04.2001) 




ililWII 



(10) International Publication Number 

PCT WO 01/26860 Al 



(51) Inicrnaiionil Paieni Classification': 



B23P 17/02 



<2i) International Application Number; PCT/U500727645 
(22) International Filing Date: 5 October 2000 (05. 10.2000) 




(25) Filing Language: 

(26) Publication Language: 



FuglUh 



English 



>0) Priority Data: 
60/159,039 
60/165.228 



I20ctober 1999(12.10.1999) 
12 November 1999 (12. 1 1.1999) 



US 
US 



(71) App!lcaot^!w7^!!/g^^ 



n. H C GLOBAL TECHNOLOGY |USAJfll.2t3S llij 
waj ft 9""^ » lo t um. i , T*M 7707? fU9). /ar> 



(74) Agents: MATTING LY, Tod ct al.; Haynes and Boone. 
LLP, 901 MaioSueet, Suite 3100, Dallas. TO 75202-3789 
(US). 

(81) Designated States (naiionat): AJE> AL, AM AT, AU. AZ 
BA, BB, BG, BR. BY, Ca. CH. CN. CR. CU. CZ» DE, DK. 
DM, EE. ES, Fl, CB, GD. OE, GH. GM, HK. HU, ID, IL, 
IN, IS. IP, KE, KG. KP, KR.KZ.LC.LK.LR. LS. LT. LU. 
LV, MA, MD. MG. MK. MN, MW. MX, NO. NZ. PL, PT, 
RO. RU. SO, SE, SG. SI. SK. SL. TJ.TM. TR. TT. TZ. UA, 
UG. US. UZ.VN.mZA. ZW. 

(84) Designated Slates (rvgionat)i AJUPO paant (GH, GM, 
KE. LS. MW. MZ. SD. SL. SZ. TZ. UG, ZW). Eurasian 
patent (AM, AZ, BY, KG, KZ, MD. RU,TJ,TM>, European 
A . paceot (AT. BE. CH, CY, DE, DK. ES. FJ, FR, GB, GR. IE, 
* V *IT; LU. MC NL PT. SE). OAPI paieni (BF. Bl. CF, 
a. CM. GA. GN. CW. ML. MR. NE. SN. TD, TC). 



J5«K Hfi *\ 

(72) Inventors; and ^ v * 

(75) Inventors/Applicant* (for US onfy)\ RING, Lev 
[US/US]; 14126 Heatherhiil Place, Houston, TX 7707? 
(US). F1LLIPOV, Andrei [US/US]; COWAN, Mike 
[US/USJ; -. DEAN, Bill (US/US); Ott*t«<L 



Published' 

With ifMemalionat search report. 
With amtndtd claims. 

Far two-t titer codes and other abbreviations, refer to the "Gutt 
ance Motes on Codes an J Abb res mi urns "appearing ui the begin- 
ning of each regular issue of the PCT Gazette. 




(54) Title: LUBRICANT COATING FOR EXPANDABLE TUBULAR MEMBERS 



205 



210 



o 

00 
C4 




(57) Abstract: A lubricant coating (240) for expandable tubular* (2 1 5). The interior surfaces of the expandable tubulars are coated 
with the lubricant coating (240). The expandable tubulars (2)5) are then placed within a preexisung structure (205). The expandable 
tubulars are iheo radially expanded into contact with the preexisting structure. 



20-07-' 85 17:09 FR0M- 



T-316 MUti/Wl h-MZ 



• • • 

• • « 

• ft • 



LUBRICANT COATING FOR EXPANDABLE 
TUBULAR MEMBERS 

Background of the Invention 
This invention relates generally to coupling at least one tubular member to a 
S preexisting structure. The at least one tubular member may be for example, a wcilbore 
casing, an underground pipe or a structural support. For convenience, the invention will be 
described hereinafter with reference to wcilbore casings. 

Conventionally, when a wcilbore is created, a number of casings arc installed in the 
borehole to prevent collapse of the borehole wall and to prevent undesired outflow of 

10 drilling fluid into the formation or inflow of fluid from the formation into the borehole. 
The borehole is drilled in Intervals whereby a casing which is to be installed in a lower 
borehole interval is lowered through a previously installed casing of an upper borehole 
interval. A$ a consequence of this procedure the casing of the lower interval is of smaller 
diameter than the casing of the upper interval. Thus, the casings arc in a nested 

15 arrangement with casing diameters decreasing in downward direction. Cement annuli are 
provided between the outer surfaces of the casings and the borehole wall to seal the casings 
from the borehole wall. As a consequence of this nested arrangement a relatively large 
borehole diameter is required at the upper part of the wcilbore. Such a large borehole 
diameter involves increased costs due to heavy casing handling equipment, large drill bits 

20 and increased volumes of drilling fluid and drill cuttings. Moreover, increased drilling rig 
time is involved due to required cement pumping, cement hardening, required equipment 
changes due to large variations in hole diameters drilled in the course of the well, and the 
large volume of cuttings drilled and removed. 

The present invention is directed to overcoming one or more of the limitations of 

25 the existing procedures for forming wellbores. It ha9 been proposed to form wcilbore 
casings using expandable tubular members, and the present invention is particularly 
directed to improving methods and apparatus using at least one expandable tubular 
member. 

Summary of the Invention 
30 According to a fust aspect of the present invention, a method of coupling an 

expandable tubular assembly including at least one tubular member to a preexisting 

-1 - 
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structure, comprising coating the interior surfaces of the at least one tubular members with 
a lubricant; positioning the coated at least one tubular member within a preexisting 
structure; and radially expanding the coated at least one tubular member into contact with 
the preexisting structure using an expansion cone that engages the coating. 

Also according to the first aspect of the present invention, an apparatus is provided 
that comprises a preexisting structure and at least one tubular member coupled to the 
preexisting structure by the process of coating the interior surface of the at least one 
tubular member with a lubricant; positioning the coated at least one tubular member within 
a preexisting structure; and radially expanding the coated at least one tubular member into 
contact with the preexisting structure using an expansion cone that engages the coating. 

According to a second aspect of the present invention, there is provided a method 
of coupling an expandable tubular assembly including at least one tubular member to a 
preexisting structure, comprising coating the interior surface of the at least one tubular 
member with a first part of a lubricant; positioning the coated at least one tubular member 
within a preexisting structure; circulating a fluidic material including a second part of the 
lubricant into contact with the coating of the first part of the lubricant; end radially 
expanding the coated at least one tubular member into contact with the preexisting 
structure using an expansion cone that engages the coating. 

Also according to the second aspect of the present invention, there is provided 
apparatus, comprising: a preexisting structure and at least one tubular member coupled to 
the preexisting structure by the process of coating the interior surface of the at least one 
tubular member with a first part of a lubricant; positioning the at least one tubular member 
within a preexisting structure; circulating a fluidic material having a second part of the 
lubricant into contact with the coating of the first part of the lubricant; and radially 
expanding the coated at least one tubular member into contact with the preexisting 
structure using an expansion cone that engages the coating. 

Brief Description of the Drawings 
Embodiments of the present invention wilt now be described by way of example 
only, with reference to the accompanying drawings in which: 
30 Fig. 1 is a flow chart illustrating a preferred embodiment of a method for coupling 

a plurality of tubular members to a preexisting structure. 

-2- 
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Fig. 2 is cross sectional illustration of a plurality of tubular members including in 
internal coating of a lubricant. 

Fig. 3 is a fragmentary cross sectional illustration of the radial expansion of the 
tubular members of Fig. 2 into contact with a preexisting structure; and 
5 Fig. 4 is a flow chart illustrating an alternative preferred embodiment of a method 

for coupling a plurality of tubular members to a preexisting structure. 

Detailed Description 

A method and apparatus for coupling tubular members to a preexisting structure is 

provided. The internal surfaces of the tubular members are coated with a lubricant. The 
10 tubular members are then radially expanded into contact with a preexisting structure. In 

several alternative embodiments, the method and apparatus are used to form and/or repair a 

wellbore casing, a pipeline, or a structural support. 

In Fig. 1, a preferred embodiment of a method 100 for forming and/or repairing a 

wellbore casing, pipeline, or structural support includes the steps of: (1) providing one or 
15 more tubular members in step 105; (2) applying a lubricant coating to the interior walls of 

the tubular members in step 1 10; (3) coupling the fust and second tubular members in step 

115; and (4) radially expanding the tubular members into contact with the preexisting 

structure in step 120. 

Aa illustrated in Fig. 2, in a preferred embodiment, in step 105, a first tubular 
20 member 205 having a first threaded portion 2 1 0 and a second tubular member 2 1 5 having a 
second threaded portion 220 are provided. The first and second tubular members, 205 and 
215, may be any number of conventional commercially available tubular members. In a 
preferred embodiment, the first tubular member 205 includes a recess 225 containing a 
sealing member 230 and a retaining ring 235. In a preferred embodiment, the first and 
25 second tubular members, 205 and 210, are further provided substantially as disclosed in 
US Patent No. 6,497,289 and Australian Patent No. 767364; Australian Patent No. 770008; 
Australian Patent No. 771884; US Patent No. 6,328,113; US Patent No. 6,640,903; US 
Patent No. 6,575,240; US Patent No. 6,557,640 and Australian Patent No. 773168; US 
Patent No. 6,604,763 and filed as AU 37920/00; Australian Patent No. 776580; US Patent 
30 No. 6,564,875; US Patent No. 6.S68,471 . 

In a preferred embodiment, in step 1 10, a coating 240 of a lubricant is applied to 

-3- 
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the interior surfaces of the first and second tubular members, 205 and 215. The coating 
240 of lubricant may be applied prior to, or after, the first and second tubular members, 
205 and 21 5, are coupled. The coating 240 of lubricant may be applied using any number 
of conventional methods such as, for example, dipping, injecting, spraying, sputter coating 

5 or electrostatic deposition. In a preferred embodiment, the coating 240 of lubricant is 
chemically, mechanically, and/or adhesively bonded to the interior surfaces of the first and 
second tubular members, 205 and 215, in order to optimally provide a durable and 
consistent lubricating effect * In a preferred embodiment, the force that bonds the lubricant 
to the interior surfaces of the first and second tubular members, 205 and 215, is greater 

10 than the shear force applied during the radial expansion process. 

In a preferred embodiment, the coating 240 of lubricant is applied to the interior 
surfaces of the first and second tubular members, 205 and 215, by first applying a phenolic 
primer to the interior surfaces of the first and second tubular members, 205 and 215. and. 
then bonding the coating 240 of lubricant to the phenolic primer using an antifriction paste 

15 having the coating 240 of lubricant carried in an epoxy resin. In a preferred embodiment* 
the antifriction paste includes, in parts by weight, 40-80 epoxy resin, 15-30 molybdenum 
disulfide. 10-15 graphite, 5-10 aluminum, 5-10 copper, 8-15 alumisilicale, and 5-10 
polyetrrylenepolyamine. Id a preferred embodiment, the antifriction paste is provided 
substantially as disclosed in U.S. Patent No. 4,329,238. 

20 The coating 240 of lubricant may be any number of conventional commercially 

available lubricants such as, for example, metallic soaps or zinc phosphates. In a preferred 
embodiment, the coating 240 of lubricant is compatible with conventional water, oil and 
synthetic base mud formulations. In a preferred embodiment, the coating 240 of lubricant 
reduces metal-to -metal irictional forces, preferably by about 50%, and provides a 

25 coefficient of dynamic friction of between about 0.0B to 0.1 during the radial expansion 
process* In a preferred embodiment, the coating 240 of lubricant does not increase the 
toxicity of conventional base mud formulations and will not shear in synthetic mud. In a 
preferred embodiment, the coating 240 of lubricant is stable for temperatures ranging from 
about -100 to SOOT (-73 to 260°C). In a preferred embodiment, the coating 240 of 

30 lubricant is stable when exposed to shear stresses. In a preferred embodiment, the coating 
240 of lubricant is stable for storage periods of up to about 5 years. In a preferred 
embodiment, the coating 240 of lubricant provides corrosion protection for expandable 

-4- 
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tubular members during storage and transport. 

In a preferred embodiment, the coating 240 of lubricant includes sodium, calcium, 
and/or zinc stearates; and/or zinc and/or manganese phosphates; and/or C -Lube- 10; and/or 
C-Phos-58-M; and/or C-Phos-58-R; andfor polytetiafluoroethylene (PTFB); and/or 
S molybdenum disulfide; and/or metallic soaps (stearates, oleates, etc..) in order to 
optimally provide a coating of lubricant. In a preferred embodiment, the coating 240 of 
lubricant provides a sliding coefficient of friction less than about 0.20 in order to optimally 
reduce the force required to radially expand the tubular members, 205 and 215, using an 
expansion cone. 

10 In a preferred embodiment, in step 1 15, the first and second tubular members, 205 

and 21 5, are coupled. The first and second tubular members, 205 and 215, may be coupled 
using a threaded connection, or, alternatively, the first and second tubular members, 205 
and 215, may be coupled by welding or brazing, in a preferred embodiment, the first and 
second tubular members, 205 and 215, are coupled substantially as disclosed in the above 

1 5 US and Australian patent specifications. 

As illustrated in Fig. 3, in steps 120, the first and second tubular members 205 and 
215 are then positioned within a preexisting structure 505, and radially expanded into 
contact with the interior walls of the preexisting structure 505 using an expansion cone 
510. The tubular members 205 and 215 may be radially expanded into intimate contact 

20 with the interior walls of the preexisting structure 505, for example, by: (1) pushing or 
pulling the expansion cone 510 through the interior of the tubular members 205 and 215; 
and/or (2) pressurizing the region within the tubular members 205 and 215 behind the 
expansion cone 5 1 0 with a fluid. In a preferred embodiment, one or more sealing members 
515 arc further provided on the outer surface of the tubular members 205 and 215, in order 

25 to optimally seal the interface between the radially expanded tubular members 205 and 2 1 5 
and the interior walls of the preexisting structure 505. 

In a preferred embodiment, the radial expansion of the tubular members 205 and 
215 into contact with the interior walls of the preexisting structure 505 is performed 
substantially as disclosed in one or more of the above US and Australian Patent 

30 specification. 

As illustrated in Fig. 4, an alternative embodiment of a method 400 for forming 
and/or repairing a wellbore casing, pipeline, or structural support includes the steps of : (1) 
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providing one or more tubular members in step 405; (2) applying a coaling including a first 
part of a lubricant to the interior walls of the tubular members in step 410; (3) coupling the 
first and second tubular members in step 415; and (4) radially expanding the tubular 
members into contact with the preexisting structure while also circulating fluidic materials 
5 into contact with the interior walls of the tubular members having a second part of the 
lubricant in step 420. 

In a preferred embodiment, in step 410, a coating including a first part of a 
lubricant is applied to the interior walls of the tubular members, 205 and 215. 

In a preferred embodiment, the first part of the lubricant forms a first part of a 
10 metallic soap. In an preferred embodiment, the first part of the lubricant coating includes 
zinc phosphate. 

In a preferred embodiment, In step 420, a second part of the lubricant is circulated 
within a fluidic carrier into contact with the coating of the first part of the lubricant applied 
to the interior walls of the tubular members. 205 and 215. In a preferred embodiment, the 

15 First and second parts react to form a lubricating layer between the interior walls of the 
tubular members, 205 and 215, and the exterior surface of the expansion cone. In this 
manner, a lubricating layer is provided in exact concentration, exactly when and where it is 
needed. Furthermore, because the second part of the lubricant is circulated in a carrier 
fluid, the dynamic interface between the interior surfaces of the tubular members, 205 and 

20 215, and the exterior surface of the expansion cone 510 is also preferably provided with 
hydrodynamic lubrication. In a preferred embodiment, the first and second parts of the 
lubricant react to form a metallic soap. In a preferred embodiment, the second part of the 
lubricant is sodium, calcium and/or zinc stearate. 

In several experimental exemplary embodiments of the methods 100 and 400, the 

25 following observations were made regarding lubricant coatings for expandable tubular 
members: 

(1) boundary lubrication with a lubricant coating having high adhesion (high 
film/shear strength) to the expandable tubular is the single most important 
lubricant/fabrication process in the radial expansion process; 
30 (2) hydrodynamic lubrication plays a secondary role in the lubrication process; 

(3) expandable tubular lubricant coating offers the more reliable and more 
effective form of boundary lubrication; 

6- 
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(4) a liquid lubricant viscosity and/or film strength that provides effective, 
consistent boundary lubrication typically limits the effectiveness of 
additives for the mud alone to provide the necessary lubrication white 
maintaining drilling fluid properties (rheology, toxicity); 
5 (5) consistent reductions of 20 to 25 percent in propagation force during the 

radial expansion process (compared to unseated expandable tubular control 
results) were obtained with the following dry film coatings: (1) 
polytetrafluoroethylene (PTFE). (2) molybdenum disulfide, and (3) metallic 
soap (stcarates), these results are for laboratory tests on one inch dry pipe, 
10 in the absence of any drilling fluid; 

(<S) a 20 to 25 percent reduction in propagation force during the radial 
expansion process was observed; 

(7) synthetic oil muds do not typically provide sufficient, reliable lubrication 
for uncoated pipe; 

1 5 (8) the coefficient of friction for expandable tubular lubricant coatings remains 

essentially constant across a wide temperature range; 
(9) the expected application range for expandable tubular casing expansion is 
between 40° F and 400°F (4 to 204°C), this range is well within the 
essentially constant range for coefficient of friction for good coatings; and 

20 (10) good extreme pressure boundary lubricants have a characteristic of 

performing better (lower coefficients of friction) as the load increases, 
coefficients of friction between 0.02 and 0,08 are reported for some 
coatings. 

In a preferred embodiment, the optimum lubrication for in-siru expandable tubular 
25 radial expansioa operations using the methods 100 and/or 400 includes a combination of 
lubrication techniques and lubricants. These can be summarized as follows: (1) extreme 
pressure lubricants/lubrication techniques; and (2) hydrodynarnic lubrication from the fluid 
in the pipe during expansion. 

Extreme pressure lubrication is preferably provided by: (1) liquid extreme pressure 
30 lubricants added to the fluid (e.g., drilling fluid, etc) in contact with the internal surface of 
the expandable tubular during the radial expansion process, and/or (2) solid lubricants 
added to, or contained within, the fluid in contact with the internal surface of the 

-7- 
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expandable tubular member during the mdial expansion process, and/or (3) solid lubricants 
applied to the internal surface of the expandable tubular member to be radially expanded, 
and/or (4) combinations of (1), (2) and (3) above. 

Liquid extreme pressure lubricant additives preferably work by chemically 

5 adhering to or being strongly attracted to the surface of the expandable tubular to be 
expanded. These types of liquid extreme pressure lubricant additives preferably form a 
'film' on the surface of the expandable tubular member. The adhesive strength of this film 
is preferably greater than the shearing force along the internal surface of the expandable 
tubular member during the radial expansion process. This adhesive force is referred to as 

10 film strength. The film strength can be increased by increasing the viscosity of the fluid. 
Common viscosifiers, such as polymeric additives, are preferably added to the fluid in 
contact with the internal surface of the expandable tubular member during the radial 
expansion process to increase lubrication, In a preferred embodiment, these liquid extreme 
pressure lubricant additives include one or more of the following: polyacrylamide 

15 polymery AMPS -aery lamide copolymers, modified cellulose derivatives such as, foT 
example, hydroxyethylcellulose, carboxymethylhydroxyethyl cellulose, polyvinyl alcohol 
polymers, polyvinyl acetate polymers, polyvinyl alcohol/vinyl acetate copolymers, 
polyvinyl pyrrolidone and copolymers including polyolefins, latexes such as, for example, 
styrene butadiene latex, urethane latexes, styrene-maleic anhydride copolymers, viscosity 

20 index improvers for motor oils such as polyacrylate esters, block copolymers including 
styrene, isoprene butadiene and ethylene, ethylene acrylic acid copolymers. 

In a preferred embodiment, extreme pressure lubrication is provided using solid 
lubricants that are applied to the internal surface of the expandable tubular member. These 
solid lubricants can be applied using various conventional methods of applying a film to a 

25 surface. In a preferred embodiment, these solid lubricants are applied in a manner that 
ensures that the solid lubricants remain on the surface of the expandable tubular member 
during installation and radial expansion of the expandable tubular member. The solid 
lubricants preferably include one or more of the following: graphite, molybdenum 
disulfide, lead powder, antimony oxide, poly tetrafluoro ethylene (PTFE), or silicone 

30 polymers. Furthermore, blends of these solid lubricants are preferred. 

In a preferred embodiment, the solid lubricants are applied directly to the 
expandable tubulais as coatings. The coating of the solid lubricant preferably includes a 
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binder to help hold or fix the solid lubricant to the expandable tubular. The binders 
preferably include curable .resins such as, for example, epoxies, acrylic, urea- 
formaldehyde, melamine formaldehyde, ftiran based resins, acetone formaldehyde, 
phenolic, aJkyd resins, silicone modified alkyd resins, etc. The binder is preferably selected 

5 to withstand the expected temperature range, pH f salinity and fluid types during the 
installation and radial expansion operations. Polymeric materials are preferably used to 
bind the solid lubricants to the expandable tubular sueh as, tor example, "self-adhesive" 
polymers such as those copolymers or terpolymers based upon vinyl acetate, vinyl 
chloride, maleic anhydride/maleic acid, and ethyleae-acrylic acid copolymers, ethylene- 

10 rnethacrylic acid copolymers and ethylene-vinyl acetate copolymers. In an alternative 
embodiment, the solid lubricants are applied as suspensions of fine particles in a carrier 
solvent without the presence/use of a chemical binder. 

In a preferred embodiment, the solid lubricant coating and the liquid lubricant 
additive (added to the fluid in contact with the internal surface of the expandable tubular 

15 member during the radial expansion process) Interact during the radial expansion process 
to improve the overall lubrication. In an exemplary embodiment, for phosphate solid 
lubricant coatings, manganese phosphate is preferred over zinc or iron phosphate because 
it more effectively attracts and retains liquid lubricant additives such as oils, esters, 
amides, etc. 

20 In a preferred embodiment, solid lubricant coatings use binders that provide low 

friction that is enhanced under extreme pressure conditions by the presence of the solid 
lubricant. Preferred solid lubricant coatings includes one or more of the following: 
graphite, molybdenum disulfide, silicone polymers and polytetrafluoroethylcnc (PTFE). In 
a preferred embodiment, blends of these materials are used since each material has 

25 lubrication characteristics that optimally work at different stages in the radial expansion 
process. In a preferred embodiment, a solid, dry film lubricant coating for the internal 
surface of the expandable tubular includes: (1) 1 to 90 percent solids by volume; (2) more 
preferably, 5 to 70 percent solids by volume; and (3) most preferably, 15 to 50 percent 
solids by volume. In a preferred embodiment, the solid lubricants include: (1) 5 to SO 

30 percent graphite; (2) 5 to 80 percent molybdenum disulfide; (3) 1 to 40 percent PTFE; and 
(4) 1 to 40 percent silicone polymers. 
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In several exemplary embodiment, the liquid lubricant additives include one or 
more of the following: (1) esters including: (a) organic acid esters (preferably fatty acid 
esters) such as, for example, trimethylo] propane, isopropyl, penterithritol, n-butyl, etc.; (b) 
glycerol tri (acetoxy stearatc) and N, >T ethylene bis 12 hydroxystearate and octyl 
S hydroxystearate; (c) phosphate and phosphite such as, for example, butylated triphenyl 
phosphate and isodiphenyl phosphate; (2) sulfurized natural and synthetic oils; (3) 
alkanolamidcs such as, for example, coco diethanolamide; (4) amines and amine salts; (5) 
olefins and polyolefins; (6) C-8 to C-18 linear alcohols and derivatives containing or 
consisting of esters, amines, carboxylates, etc,; (7) overbased sulfonates such as, for 
10 example, calcium sulfonate, sodium sulfonate, magnesium sulfonate; (S) polyethylene 
glycols; (9) silicones and siloxancs such as, for example, dimethylpolysiloxanes and 
; fluorosilicone derivatives; (10) dinonyl phenols; and (11) ethylene oxide/propylene oxide 

, block copolymers. 

• Where a liquid lubricant is injected into contact with the expandable tubular 

• 15 assembly, the liquid lubricant material may be selected from: pojyacrylarnide polymers, 

AMPS-acrylamide copolymers, modified cellulose derivatives, hydroxycthylccllulosc, 
carboxymethyl hydroxyethyi cellulose, polyvinyl alcohol polymers, polyvinyl acetato 

• polymers, polyvinyl alcohol/vinyl acetate copolymers, polyvinyl pyrrolidone, copolymers 
including polyolefins, latexes, styrene butadiene latex, urethane latexes, styrene-raaleic 

20 anhydride copolymers, viscosity index improvers for motor oils, polyacrylate esters, block 
copolymers including styrene, isoprene butadiene and ethylene, ethylene acrylic acid 

• copolymers, esters, organic acid esters, trimethylo] propane, isopropyl, penterithritol, 

• n-butyl, glycerol triacetoxy stearatc, N,N* ethylene bis 12 hydroxystearate, octyl 
t hydroxystearate, phosphate, phosphite, butylated triphenyl phosphate, isodiphenyl 

25 phosphate, sulfurized natural oils, synthetic oils, alkanolamidcs, coco diethanolamide, 
amines, amine salts, olefins, polyolefins, C-8 to C-18 linear alcohols and derivatives 
including esters, amines, carboxylates, overbased sulfonates, calcium sulfonate, sodium 
sulfonate, magnesium sulfonate, polyethylene glycols, silicones, siloxanes, 
dimethylpolysiloxanes, fluorosilicone derivatives, dinonyl phenols, and ethylene 

30 oxide/propylene oxide block copolymers. In a preferred embodiment, the injected 
lubricant material includes a solid lubricant materia). In a preferred embodiment, the solid 
lubricant material is selected from the group consisting of: graphite, molybdenum 
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disulfide, lead powder, antimony oxide, poly tctiafluoroethylene, and silicone polymers. 
In a preferred embodiment the method further includes: coating the interior surfaces of the 
tubular members with a lubricant prior (o positioning the tubular members within the 
preexisting structure. In a preferred embodiment, the lubricant coating includes a first part 
S of a lubricating substance; and the injected lubricating material includes a second part of 
the lubricating substance. 

A method of coupling an expandable tubular assembly including one or more 
tubular members to a preexisting structure has been described that includes: coating the 
interior surfaces of the tubular members with a first part of a lubricant, positioning the 
10 tubular members within a preexisting structure, circulating a fluidic material including a 
second part of the lubricant into contact with the coating of the first part of the lubricant, 
: and radially expanding the tubular members into contact with the preexisting structure. In 

a preferred embodiment, the lubricant includes a metallic soap. In a preferred 
; embodiment, the lubricant is selected from the group consisting of sodium, calcium, and/or 

* 15 zinc stcaratcs, zinc phosphates, manganese phosphate, C-Lube-10, C-PHOS-58-M, and C- 

PHOS-58-R. In a preferred embodiment, the lubricant provides a sliding friction 

« 

coefficient of less than about 0.20. In a preferred embodiment, the first part of the 
lubricant is chemically bonded to the interior surfaces of the tubular members. In a 
preferred embodiment, the first part of the lubricant is mechanically bonded to the interior 
20 surfaces of the tubular members. In a preferred embodiment, the first part of the lubricant 
is adhesively bonded to the interior surface of the tubular members. In a preferred 

* embodiment, the method further includes: combining the first and second parts of the 
■ 

* lubricant to generate the lubricant. 

: Apparatus has been described that includes a preexisting structure and one or more 

25 tubular members coupled to the preexisting structure. The tubular members are coupled to 
the preexisting structure by the process of: coating the interior surfaces of the tubular 
members with a first part of a lubricant, positioning the tubular members within a 
preexisting structure, circulating a fluidic materials having a second pari of the lubricant 
Into contact with the coating of the first part of the lubricant, and radially expanding the 
30 tubular members into contact with the preexisting structure. In a preferred embodiment, 
the lubricant includes a metallic soap. In a preferred embodiment, the lubricant is selected 
from the group consisting of sodium, calcium, and/or zinc stearates, zinc phosphates, 
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manganese phosphate, C-Lube-10, C*PHOS-58M and C-PHOS-58-R. In a preferred 
embodiment, the lubricant provides a sliding friction coefficient of less than about 0.20. In 
a preferred embodiment, the first part of the lubricant is chemically bonded to the interior 
surfaces of the tubular members. Id a preferred embodiment the first part of the lubricant 
5 is mechanically bonded to the interior surfaces of the tubular members. In a preferred 
embodiment, the first part of the lubricant is adhesively bonded to the interior surface of 
the tubular members. In a preferred embodiment, the apparatus further includes combining 
the first and second parts of the lubricant to generate the lubricant 

Although this detailed description has shown and described illustrative 

10 embodiments of the invention, this description contemplates a wide range of modifications, 
changes, and substitutions. In some instances, one may employ some features of the 
present invention without a corresponding use of the other features. Accordingly, It is 
appropriate that readers should construe the appended claims broadly, and in a manner 
consistent with the scope of the invention. 

15 The reference to any prior art in this specification is not and should not be taken 

as, an acknowledgment or any form of suggestion that that prior art forms part of the 
common general knowledge in Australia. 

Throughout this specification and the claims which follow, unless the context 
requires otherwise, the word "comprise", and variations such as "comprises" and 

20 "comprising*, will be understood to imply the inclusion of a stated integer or step or group 
of integers or steps but not the exclusion of any other integer or step or group of integers or 
steps. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. A method of coupling an expandable tubular assembly including at least one 
tubular member to a preexisting structure, comprising: 
5 coating the interior surface of the at least one tubular member with a lubricant; 

positioning the coated at least one tubular member within a preexisting structure; 
and 

radially expanding the coated at least one tubular member into contact with the 
preexisting structure using an expansion cone that engages the coating. 

10 2, A method of coupling an expandable tubular assembly including at least one 
tubular member to a preexisting structure, comprising: 

coating the interior surface of the at least one tubular member with a first part of a . 
lubricant; 

positioning the coated at least one tubular member within a preexisting structure; 
15 circulating a fluidic material including a second part of the lubricant into contact 

with the coating of the fust part of the lubricant; and 

radially expanding the coated at least one tubular member into contact with the 
preexisting structure using an expansion cone that engages the coating. 

3. The method of claim 1 or 2, wherein the at least one tubular member comprises a 
20 wellbore casing. 

4. The method of claim 1 or 2, wherein the at least one tubular member comprises an 
underground pipe. 

5. The method of claim 1 or 2, wherein the at least one tubular member comprises a 
structural support 

25 6. The method of claim 1 , wherein the coating of lubricant is chemically bonded to 
the interior surface of the at least one tubular member. 

7. The method of claim 1 , wherein the coating of lubricant is mechanically bonded to 
the interior surface of the at least one tubular member. 
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8. The method of claim 1 , wherein the coating of lubricant is adhesively bonded to the 
interior surface of the at least one tubular member. 

9. The method of claim 1, wherein the coating of lubricant includes: 

a primer coating coupled to the interior surface of the at least one tubular member; 
5 and 

a coating of an antifriction paste coupled to the primer. 

10. The method of claim 1, wherein the coating of lubricant includes, in parts by 
weight: 

40-80 epoxy resin, 15-30 molybdenum disulfide, 10-15 graphite, 5-10 
10 aluminum, 5*10 copper, 8-15 alumisilicatc. and 5-10 

polyethylenepolyamine. 

1 1 . The method of claim 1 or 2, wherein the lubricant comprises a metallic soap. 

12. The method of claim 1 or 2, wherein the lubricant comprises zinc phosphate. 

13. The method of claim 1 or 2, wherein the lubricant provides a coefficient of 
1 5 dynamic fried on of between about 0.08 to 0 . 1 . 

14. The method of claim 1 or 2, wherein the lubricant comprises one or more of: 
sodium stearates, calcium stearates, zinc stearatea, zinc phosphate, manganese 
phosphate, C-Lube-10, C-Phos-58-M, C-Phos-58-R, polytetrafluoro ethylene, 
molybdenum disulfide, and metallic soaps. 

20 15, The method of claim 1 or 2, wherein the lubricant provides a sliding coefficient of 
friction less than about 0.20. 

1 6. The method of claim 1 or 2, wherein the lubricant comprises one or more of: 

polyacrylamidc polymers, AMPS-acrylamidc copolymers, modified cellulose 
derivatives, hydroxy ethyicellulose, carboxymethyl hydroxycthyl cellulose, 
25 polyvinyl alcohol polymers, polyvinyl acetate polymers, polyvinyl alcohol acetate 

copolymers, polyvinyl vinyl acetate copolymers, polyvinyl pyrrolidone and 
copolymers including polyoieflns, latexes, styrene butadiene latex, methane 
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latexes, styrene-maleic annhydridc copolymers, viscosity index improvers for 
motor oils, polyacrylatc esters, block copolymers including styrene, block 
copolymers Including isoprene butadiene, block copolymers including ethylene, 
and ethylene acrylic acid copolymers. 

5 1 7. The method of claim 1 or 2, wherein the lubricant comprises one or more of: 

graphite, molybdenum disulfide, lead powder, antimony oxide, poly 
tetrafluoioethylenc, and silicone polymers. 

18. The method of claim 1, wherein the coating of lubricant comprises: 
a solid lubricant; and 

10 a binder. 

19. The method of claim 18, wherein the binder is selected from: 

epoxy, acrylic, urea-formaldehyde, melamine formaldehyde, furan based resin, 
acetane formaldehyde, phenolic, alkyd resins, and silicone modified alkyd resin, 

20. The method of claim 1 8, wherein the binder is selected from; 

15 vinyl acetate, vinyl chloride, maleic annhydride, raaleic acid, ethylene-acry lie acid 

copolymers, ethylene-methacrylic acid copolymers* and ethylcne-vinyl acetate 
copolymers. 

21. The method of claim J or 2, wherein the lubricant comprises a suspension of 
particles in a carrier solvent. 

20 22, The method of claim 1 or 2, wherein the lubricant comprises one or more of; 
manganese phosphate, zinc phosphate, and iron phosphate. 

23. The method of claim 1 or 2, wherein the lubricant comprises: 
about 1 to 90 percent solids by volume. 

24. The method of claim 23, wherein the lubricant comprises: 
25 about 5 to 70 percent solids by volume. 

25. The method of claim 24, wherein the lubricant comprises; 
about 15 to 50 percent solids by volume. 

-15- 



COMS ID No: SBMl-01365400 Receded by IP Australia: Time {Him) 17:34 Dale (y-M-d) 2005-07 20 



20-07-' 05 17:14 FROM- 



T-316 P0Z4/081 F-142 



26. The method of claim 1 or 2, wherein the lubricant comprises: 
about $ to 80 percent graphite; 

about 5 to 80 percent molybdenum disulfide; 
about 1 to 40 percent PTFE; and 
S about 1 to 40 percent silicone polymers. 

27. The method of claim 1 or 2 t wherein the lubricant comprises one or more of: 
ester; 

sulftlfized oil; 
alkanolamides; 
10 amine; 

amine salt; 

olefin; 

polyoteiins; 

C- 8 to C- 1 8 linear alcohol; 
1 5 derivative of C-8 to C-18 linear alcohol including ester; 

derivative of C-8 to C-18 linear alcohol including amine; 
derivative of C-8 to C-18 linear alcohol including carboxy late; 
sulfonate; 

polyethylene glycol; 
20 silicone; 

siloxane; 
dinonyl phenol; 

ethylene oxide block copolymer; and 
propylene oxide block copolymer 

25 28. Apparatus, comprising: 

a preexisting structure; and 

at least one tubular member coupled to the preexisting structure by the process of: 
coating the interior surface of the at least one tubular member with a lubricant; 
positioning the coated at least one tubular member within a preexisting structure; 
30 and 

radially expanding the coated at least one tubular member into contact with the 
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preexisting structure using an expansion cone that engages the coating. 

29. Apparatus, comprising: 

a preexisting structure; and 

at least one tubular member coupled to the preexisting structure by the process of: 
S coating the interior surface of the at least one tubular member with a first part of a 

lubricant; 

positioning the at least one tubular member within a preexisting structure; 
circulating a fluidic material having a second part of the lubricant into contact with 
the coating of the first part of the lubricant; and 
10 radially expanding the coated at least one tubular member into contact with the 

preexisting structure using an expansion cone that engages the coating. 

30. The apparatus of claim 28 or 29, wherein the at least one tubular member 
comprises a wellbore casing. 

31. The apparatus of claim 28 or 29, wherein the at least one tubular member 
1 5 comprises an underground pipe. 

32. The apparatus of claim 28 or 29, wherein the at least one tubular member 
comprises a structural support 

33. The apparatus of claim 28, wherein the coating of lubricant is chemically bonded to 
the interior surface of the at least one tubular member. 

20 34. . The apparatus of claim 28, wherein the coating of lubricant is mechanically bonded 
to the interior surface of the at least one tubular member. 

35, The apparatus of claim 28, wherein the coating of lubricant is adhesively bonded to 
the interior surface of the at least one tubular member. 

36. The apparatus of claim 28, wherein the coating of lubricant includes: 

25 a primer coating coupled to the interior surface of the at least one tubular member; 

and 

a coating of an antifriction paste coupled to the primer. 
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37. The apparatus of claim 28, wherein the coating of lubricant includes, in parts by 
weight: 

40-80 epoxy resin, 15-30 molybdenum disulfide, 10-15 graphite, 5-10 aluminum, 
5-10 copper, 8-15 alumisilicatc, and 5-10 polyethylenepolyamine. 

5 38. The apparatus of claim 28 or 29, wherein the lubricant comprises a metallic soap. 

39. The apparatus of claim 28 or 29, wherein the lubricant comprises zinc phosphate. 

40. The apparatus of claim 28 or 29, wherein the lubricant provides a coefficient of 
dynamic friction of between about O.0B to 0.1. 

41 . The apparatus of claim 28 or 29, wherein the lubricant comprises one or more of: 
10 sodium stearates, calcium stearates, fcinc stearates, zinc phosphate, manganese 

phosphate, C-LMbe-10, C-Phos-58-M, C-Phos-58-R, polytctrafluoroethylcnc, 
molybdenum disulfide, and metallic soaps. 

42. The apparatus of claim 28 or 29, wherein the lubricant provides a sliding 
coefficient of friction less than about 0.20. 

15 43 . The apparatus of claim 28 or 29, wherein the lubricant comprises one or more of: 

polyacrylamide polymers, AMPS-acrylamide copolymers, modified cellulose 
derivatives, hydroxycthylcellulose, carboxymethyl hydroxyethyl cellulose, 
polyvinyl alcohol polymers, polyvinyl acetate polymers, polyvinyl alcohol acetate 
copolymers, polyvinyl vinyl acetate copolymers, polyvinyl pyrrolidone and 

20 copolymers including polyoleilns, latexes, styrene butadiene latex, urethane 

latexes, styrene-maleic annhydride copolymers, viscosity index improvers for 
motor oils, polyacrylate esters, block copolymers including styrene, block 
copolymers including isoprene butadiene, block copolymers including ethylene, 
and ethylene acrylic acid copolymers. 

25 44. The apparatus of claim 28 or 29, wherein the lubricant comprises one or more of: 

graphite, molybdenum disulfide, lead powder, antimony oxide, poly 
tctrafluoroethylenc, and silicone polymers. 
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45. The apparatus of claim 28, wherein die coating of lubricant comprises: 
a solid lubricant; and 

a binder. 

46. The apparatus of claim 45, wherein the binder is selected from; 

5 epoxy, acrylic, urea-formaldchydc, melamine formaldehyde* furan based resin, 

acetone formaldehyde, phenolic, alkyd resins, and silicone modified alkyd resin. 

47. The apparatus of claim 45, wherein the binder is selected from: 

vinyl acetate, vinyl chloride, maleic annhydride> maleic acid, ethylene-acrylic acid 
copolymers, ethylene-methacrylic acid copolymers, and ethylene-vinyl acetate 
10 copolymers. 

48. The apparatus of claim 28 or 29, wherein the lubricant comprises e suspension of 
particles in a carrier solvent 

49. The apparatus of claim 28 or 29, wherein the lubricant comprises one or more of: 
manganese phosphate, zinc phosphate, and iron phosphate. 

1 5 50. The apparatus of claim 28 or 29, wherein the lubricant comprises: 
about 1 to 90 percent solids by volume. 

51 . The apparatus of claim 50, wherein the lubricant comprises: 
about 5 to 70 percent solids by volume, 

52. The apparatus of claim 51, wherein the lubricant comprises: 
20 about 15 to 50 percent solids by volume. 

53. The apparatus of claim 28 or 29, wherein the lubricant comprises: 
about 5 to 80 percent graphite; 

about 5 to 80 percent molybdenum disulfide; 
about 1 to 40 percent PTFE; and 
25 about 1 to 40 percent silicone polymers. 

54. The apparatus of claim 28 or 29, wherein the lubricant comprises one or more of 
the following: 
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ester; 

aulfiirized oil; 
aJkanolamidcs; 
amine; 
5 amine salt; 

olefin; 
polyolefins; 

C-8 to C-l 8 linear alcohol; 

derivative of C-8 to C-l 8 linear alcohol including ester; 
1 0 derivative of C-8 to C-l 8 linear alcohol including amine; 

derivative of C-8 to C-l 8 linear alcohol including carboxylase; 
sulfonate; 

polyethylene glycol; 
silicone; 
15 siloxane; 

dinonyl phenol; 

ethylene oxide block copolymer; and 
propylene oxide block copolymer, 

20 55. A method of coupling an expandable tubular assembly including at least one 
tubular member to a preexisting structure, the method being according to claim 1 or 
2, substantially as hereinbefore described with reference to the accompanying 
drawings. 

56. Apparatus according to claim 28 or 29, substantially as hereinbefore described with 
25 reference to the accompanying drawings. 

DATED this 2tf h day of July, 2005 
Shell Internationale Research Maatschappij B.V. 
By DA VIES COLLISON CAVE 
30 Patent Attorneys for the Applicant 

-20- 



COMS ID No: SBMI-OI 365400 Received by IP Australia: Time (M:m) 17:34 Date (Y-M-dJ 2005-07-20 



WO 01/26860 



PCT/USO0/2764S 



1/4 



100 

\ 



105 




PROVIDE ONE OR MORE TUBULAR MEMBERS 



V^__ APPLY LUBRICANT COATING TO INTERIOR WALLS 
OF TUBULAR MEMBERS 



115 




CONNECT TUBULAR MEMBERS 



120 



RADIALLY EXPAND TUBULAR MEMBERS INTO 
CONTACT WITH A PREEXISTING STRUCTURE 



FIGURE 1 



WO 01/26860 PCIYUS00/2764S 

2/4 




FIGURE 2 



WO 01/26860 



PCTrtJSW/27645 




FIGURE 3 



WO 01/26860 PCT/US00/27645 

4/4 



400 

\ 



405 





PROVIDE ONE OR MORE TUBULAR MEMBERS 


410 


i 


r 




APPLY A COATING OF A FIRST PART OF A 
LUBRICANT TO THE INTERIOR WALLS OF TUBULAR 
MEMBERS 


415 




r 




CONNECT TUBULAR MEMBERS 


420 




r 



RADIALLY EXPAND TUBULAR MEMBERS INTO 
CONTACT WITH A PREEXISTING STRUCTURE WHILE 
CIRCULATING FLUIDIC MATERIALS INTO CONTACT 
WITH THE INTERIOR WALLS OF THE TUBULAR 
MEMBERS HAVING A SECOND PART OF THE 
LUBRICANT 



FIGURE 4 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLACK BORDERS 



